, and the Lubudi Formation in central Africa 70 . In this study, we examined the MRBs of the Johnnie Formation, the Doushantuo Formation, and the Krol Group. Table 1 and Fig. 7) , consistent with previous studies. The unusually low δ 13 C values (down to -12‰) from the pink limestones raised concerns about diagenetic alteration of primary carbon isotope signature, but the consistent spatial and temporal δ 13 C pattern 66 and the well-preserved radial fabrics in ooids, stromatolites and crystal fans 67, 139, 140 suggest an overall preservation of primary features.
The pink-red dolostones of the upper Doushantuo Formation in South China is exemplified by the sections in the Yangtze Gorges area. The thinly bedded dolostones are interbedded with shale laminae and are composed of micritic or microcrystalline dolomite suggestive of deposition from deep subtidal environments below fair-weather wave base. Carbon isotope analyses reveal δ 13 C values of -6‰ to -9‰ (Supplementary Table 1 and Fig. 6 ), which is consistent with the upper Doushantuo negative δ 13 C excursion documented from the region 135 .
The upper Doushantuo δ 13 C excursion has also been correlated to the Shuram excursion 141, 142 .
The red beds of the Krol B interval in the Lesser Himalaya, northern India are present in all of the five synclines examined 68, 143 . They are composed of red siltstone, shale and micritic dolostone. The presence of some gypsum pseudomorphs in proximal sections led to the interpretation of intertidal to supratidal environments 143 , but our new observations indicate that at least in the distal sections such as in Solan and Korgai synclines, they were likely deposited below the fair-weather wave base. Carbon isotopes of the red dolostones in Krol B
vary from -2‰ to -12‰ 136 , but overall the negative δ 13 C shift is apparent at correlative intervals throughout the Krol platform, which has also been correlated with the Shuram excursion 136 .
Field and petrographic observations show that the middle Ediacaran MRBs share similar attributes with those of the Triassic and Cretaceous MRBs examined in this study: they are all composed of fine-grained carbonates and shales and have almost no organic matter content or organic-rich interbeds; their red colour is homogenous and does not show patchy staining suggestive of oxidation from reduced iron. Their bulk rock Fe2O3 contents are identical (≤1% in carbonates and 1-6% in shales). Petrographic and SEM observations reveal no framboidal or euhedral pyrite precursors. Therefore, we believe that the middle Ediacaran MRBs had the same origin as those of the Triassic and Cretaceous MRBs.
Supplementary Note 2-Compilation of Phanerozoic MRBs
We document a total of five global MRB intervals from the Phanerozoic, including Cambrian, Late Devonian, Early Triassic, Jurassic and Cretaceous episodes (Supplementary Table 2 ).
Marine red beds are also found in Early Silurian (Telychian) successions in many places including Europe, North America 144, 145 and South China 146 , but they are mostly found distributed around uplifted "old lands" and consist predominately of red sandstone, siltstone and shales without carbonates. The iron source of these Silurian red beds are thought to be of detrital origin 146 . Therefore, we think that these red beds may have been formed differently from the five intervals we have described. However, if future studies indicate that they were formed by similar processes like the ones in Cretaceous and Triassic, the Telychian red beds could be another representative Phanerozoic MRB.
Most of the Phanerozoic MRBs slightly postdate oceanic anoxic events (OAEs), but in a few cases red beds are also found within the interval of oceanic anoxia. One of the examples is the thin red beds within OAE2 in New Zealand 147 . Further study may reveal if this type of red beds records episodic oxidation within a broad anoxic event or a local phenomenon.
Red-pink carbonates of MRBs all have δ 13 C values that are lower than temporally adjacent strata, creating "negative" δ 
Supplementary Note 3-Debates on the origin of the Shuram δ 13 C excursion
The negative δ 13 C excursion associated with the middle Ediacaran MRB, or the Shuram excursion, has a magnitude of ≥ 12‰ (ranging from ≥ 4‰ to ≤ -8‰) and a duration of ≥ 5 million years (Myr) 150, 151, 152, 153, 154 . The large magnitude and long duration of this δ 13 C excursion make it difficult to interpret using the Phanerozoic carbon cycle models. Early interpretations invoked the upwelling of 13 C-depleted deep water 155, 156 The difficulties of precise dating of zircon-free protoliths in migmatites. Precambrian research 2002,
